Thin Rings and Arches 


319 


and ceramic materials. Such a layer, according to open trade literature, has good 
lubricant-retention qualities and superior resistance to wear. 

Operational characteristics of piston rings are, at times, subject to the effect of 
residual stresses. These stresses may be caused by manufacturing processes, such 
as casting, machining, or grinding. Assuming that piston ring castings have a uni¬ 
form thickness, the residual stresses should not be severe, provided that cooling 
rate is uniform. Residual stresses developed during metal cutting are generally 
compressive in nature and their magnitude depends on the degree of sharpness of 
the cutting tool. On the other hand, residual stresses caused by grinding at mod¬ 
erate and higher grinding-wheel speeds are normally tensile. It should be pointed 
out, however, that not all piston rings are subjected to grinding. Although in the 
majority of practical applications residual stress effects may be relatively small, it 
is well to keep in mind this aspect of piston ring fabrication. 

The first theoretical problem of piston ring design may be concerned with the 
mechanics of expanding the ring over the piston in order to insert it into the groove. 
The analysis of a snap ring given in Chap. 26 provides the first insight into the 
steps necessary in the preliminary design, bearing in mind that the cast iron is 
inherently weaker in tension than in compression. The design formula for the 
maximum allowable opening of the ring at the junction is found from Eq. (26.6) 
by assuming that a = 0 in Fig. 26.2 and by eliminating the load term P. This 
procedure leads to the following result. 
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If Y denotes the total opening of the ring, the corresponding configuration and 
loading can be illustrated in Fig. 27.4. 

It appears that for a typical rectangular or a square cross section of the piston 
ring, the allowable opening is independent of the width of the ring and it is directly 
proportional to the critical stress. This stress in the case of cast iron is = S^, 
where denotes the maximum tensile stress at the inner surface of the ring being 
expanded over the piston. We assume that the modulus of elasticity E, depth of 
the cross section h, and mean radius R are kept constant. 



Fig. 27.4 Uniform-thickness (concentric) piston ring. 



